Abstract Objective: To analyze the level of understanding of the brain death concept among medical students in universities in Spain. Methods: This cross-sectional sociological, interdisciplinary, and multicenter study was performed on 9598 medical students in Spain. The sample was stratified by geographical area and academic year. A previously validated self-reported measure of brain death knowledge (questionnaire Proyecto Colaborativo Internacional Donante sobre la Donación y Transplante de Organos) was completed anonymously by students. Results: Respondents completed 9275 surveys for a completion rate of 95.7%. Of those, 67% (n ¼ 6190) of the respondents understood the brain death concept. Of the rest, 28% (n ¼ 2652) did not know what it meant, and the remaining 5% (n ¼ 433) believed that it did not mean that the patient was dead. The variables related to a correct understanding of the concept were: (1) being older (P < .001), (2) studying at a public university (P < .001), (3) year of medical school (P < .001), (4) studying at one of the universities in the south of Spain (P ¼ .003), (5) having discussed donation and transplantation with the family (P < .001), (6) having spoken to friends about the matter (P < .001), (7) a partner's favorable attitude toward donation and transplantation (P < .001), and (8) religious beliefs (P < .001). Conclusions: Sixty-seven percent of medical students know the concept of brain death, and knowledge improved as they advanced in their degree.
Introduction
Brain death (BD) is recognized by the scientific community as well as the law in most countries as the death of a person. The acceptance of this concept has become a key event in the development of the donation and transplantation process, given that most organ donors are people in BD. 1 In Spain, the introduction into law of the concept of BD revolutionized the system in the 1970s and was decisive for establishing transplant programs. However, the lack of understanding of this concept was one of the main psychosocial factors for being against donation reported during the 1980s.
Currently, about 14% of deaths in intensive care units take place in a situation of BD, with this percentage reaching 30% in the case of centers for neurosurgery. Even so, there is still a lack of knowledge about the concept of death among several groups of health-care workers. 2 Thus, one of the barriers that appears to prevent the procurement of more transplant organs is found within the health-care structure, given that a considerable percentage of hospital workers could be against organ donation.
2 Health-care personnel have an important role to play in the development of organ donation, given that they have the capacity to generate either favorable or unfavorable attitudes in other groups of the population.
Medical students represent the new generation of physicians, and their opinion about organ donation and transplantation is going to be important in the near future. Although there are limited data about the matter, it is known that a considerable percentage of students do not understand or accept the BD concept as a person's death, 3 even though this is an essential step in the acceptance of organ donation. Few existing studies have analyzed the knowledge of the BD concept among students, and the data they provide are confusing given that most of the articles in this area of research are proceedings coming from communications and congresses, where there is less demand for publication, or alternatively they are publications in journals with a low impact. In both cases, they are usually short articles in which it is sometimes difficult to follow the methodology.
The objective of this study was to analyze the level of understanding of the BD concept among medical students in university centers in Spain and to establish the factors that correlate with this understanding.
Methods

Type of Study
A cross-sectional sociological, interdisciplinary, multicenter, and observational study carried out in Spain, in the academic year of 2010 to 2011.
Study Population
The study population consisted of medical students enrolled in the academic year of 2010 to 2011 and was estimated at 34 000 students. This information was obtained from the 40 medical universities with active teaching activity from data published by the Spanish National Institute of Statistics. 4 The number of students enrolled in the rest of the medical schools not featured in the National Institutes of Statistics was obtained over the phone from each school.
Sample Size
The sample size calculated for a population of 34 000 students was 9598 students, considering an estimated proportion in favor of donation of 76%, a confidence of 99%, and a precision of +1%.
Sample Stratification
The sample was stratified in 2 levels: geographical location of the school and academic year of the student.
Geographical stratification. The medical students were grouped into 4 geographical regions: (1) the north, (2) the central area, (3) the east, and (4) the south. In order to obtain the sample, an initial sampling stage was planned, which was stratified proportionately to the number of students enrolled in each geographical region. In the north, 14% of the students were enrolled, corresponding to a sample of 1343; in the central area, there were 25% corresponding to 2400; in the south, there were 23.5% corresponding to 2256; and in the east, there were 37.5% corresponding to 3599 respondents.
Stratification by academic year. In order to do this, the proportion of students from each year in each geographical area was calculated and then the corresponding sample was obtained. The percentage and number of students in each area in each academic year were as follows-in the north: first year (28% of the students enrolled, corresponding to 376 respondents), second year (15.5%; n ¼ 208), third year (16%; n ¼ 215), fourth year (14%; n ¼ 188), fifth year (12%; 161), and sixth year (14.5%; n¼195); in the central area: first year (23%; n ¼ 552), second year (25.5%; n ¼ 540), third year (12%; n ¼ 288), fourth year (13%; n ¼ 312), fifth year (11.5%; n ¼ 276), and sixth year (18%; n ¼ 432); in the south: first year (21%; n ¼ 474), second year (20%; n ¼ 451), third year (13%; n ¼ 293), fourth year (15%; n ¼ 338), fifth year (15%; n ¼ 338), and sixth year (16%; n ¼ 362); in the east: first year (21%; n ¼ 756), second (22%; n ¼ 791), third (18%; n ¼ 648), fourth (14%; n ¼ 504), fifth (11%; n ¼ 396), and sixth (14%; n ¼ 504). See Supplemental Table 1 for a list of schools in their respective geographical areas and stratification by academic year.
Data Collection Procedure
In each geographical area, schools were selected by a table of random numbers and were formally invited to participate in the study. Contact was made with the dean of the school at each university to obtain authorization to conduct the research. The questionnaires were administered to medical students by members or collaborators from the International Donor Collaborative Project group in the selected medical schools that agreed to participate in the study. With the aim of preventing selection bias, the questionnaire was applied at compulsory sessions (lectures, seminars, or practical classes).
Participation was voluntary and consent to participate was oral. Those who did not want to participate delivered the questionnaire blank or simply did not take it. Students who did not participate were not replaced by others.
After a brief explanation of the study, and after specifying the confidentiality of the data gathered, a questionnaire was handed out to each student. The questionnaire was self-administered, completed voluntarily, and anonymous. Given that the questionnaires were handed out in compulsory student sessions, an academic year was considered to be full when the number of questionnaires administered had a range of +5% of the number of questionnaires calculated to be necessary.
Instrument
The instrument used was the Proyecto Colaborativo Internacional Donante sobre la Donación y Transplante de Organos. This questionnaire was part of the International Collaborative Organ Donation project about organ donation and transplantation and previously validated. 5, 6 This questionnaire measured attitude toward organ donation and knowledge of the concept of BD. This questionnaire was validated in a sample of 2000 Spanish adults obtained stratified by geographic location, age, and sex, with a total explained variance of 63.2% and a Cronbach a reliability coefficient of .834. This questionnaire has 4 subscales or factors: (1) socio-personal variables, (2) interaction variables related to donation and transplantation, (3) variables of a religious nature; and (4) attitude toward organ donation for transplantation. Each factor has internal consistency, measured by a Cronbach a reliability coefficient of .957, .804, .745, and .641, respectively, and an explained variance of 26.28%, 24.97%, 6.834%, and 5.11%, respectively. See Supplemental Table 2 for a copy of the questionnaire.
Study Variables
The knowledge of the concept of BD was measured in question 27, and 3 options were considered:
Correct concept: The respondent accepts BD as the death of a person. Wrong concept: The respondent does not accept BD as the death of a person. Unknown concept: The respondent indicates he or she does not know the concept of BD.
The remaining variables were grouped in the following way: (1) Socio-personal variables, (2) interaction variables related to donation and transplantation, (3) variables of a religious nature, and (d) attitude toward organ donation for transplantation.
Statistical Analysis
A descriptive statistical analysis was carried out, and in order to compare the different variables, Student t test and the w 2 test were applied. Later, a binary logistic regression analysis following the forward method was performed using all statistically significant variables in the bivariate analysis. 
Results
Response Rate
The 22 randomly selected medical schools agreed to take part in the study. Of the 9688 students handed the questionnaires, the questionnaire was correctly completed in 9275 of cases, with a response rate of 95.73%.
Knowledge of the Concept of BD
Sixty-seven percent (n ¼ 6190) of the students who were surveyed understood the concept of BD, and they considered it to mean an individual's death. Twenty-eight percent (n ¼ 2652) had doubts about it, and the remaining 5% (n ¼ 433) believed that it did not mean a person's death.
Factors Correlated With Knowledge of the Concept of BD
Socio-personal variables. Age was significantly associated with knowledge of BD. In this regard, those who were older had a greater knowledge of the BD concept than the younger respondents (22 [3] years vs 20 [3] years; P < .001; Table 1 ).
University variables. The respondents who were studying at public universities had a greater understanding of the BD concept compared to those in private universities (68% vs 61%; P < .001). Furthermore, the student's academic year was associated with BD knowledge. Students in their final year scored higher on the brain knowledge question compared to those in the first year (89% vs 51%; P < .001). Significant differences were also found in terms of geographical area: those students from the south of the country knew the concept more than those from the central area (70% vs 65%; P ¼ .003; Table 1 ).
Variables related to organ donation and transplantation. Regarding the exchange of ideas and opinions about the subject of donation and transplantation with family members, friends, and partners, positive correlations were found with the correct knowledge of the BD concept. Respondents who had spoken to their families (69% vs 62%) and friends (68% vs 62%) about the matter understood the concept to a greater degree than those who had not (P < .001). With regard to the respondent's partner's opinion, it is notable that a higher percentage of the respondents understood the concept of the BD when their partner had a favorable attitude toward organ donation compared to those who did not know their partner's opinion (74% vs 63%; P < .001; Table 1 ).
Religious variables. The respondents who considered themselves to be an atheist or agnostic had a greater understanding of the BD concept compared to those who professed a type of belief other than Catholicism (71% vs 62%; P < .001; Table 1 ).
Logistic Regression
In the logistic regression, the following independent variables persisted as being correlated with knowledge of the BD concept (Table 2) : (1) age, the older respondents had a better understanding of the BD concept (odds ratio [OR] ¼ 1.054; P < .001); (2) being in the final year (OR ¼ 6.329; P < .001); (3) discussion with the family about donation and transplantation (OR ¼ 1.199; P ¼ .001); (4) the respondent's partner's favorable attitude toward donation (OR ¼ 1.314; P < 0.001); and (5) to be an atheist or an agnostic (OR ¼ 1.661; P ¼ .001).
The Relationship Between Attitude Toward Organ Donation and Knowledge of the BD Concept
Among the respondents, 80% (n ¼ 7376) were in favor of deceased organ donation compared to 2% (n ¼ 154) who were against and 18% who were undecided (n ¼ 1745). A significant relationship has been found between attitude toward organ donation and knowledge of BD in such a way that those who were in favor of donation had a greater knowledge of BD compared to those who were not in favor (69% vs 54%; P < .001).
Discussion
Classically, one of the main reasons for being against organ donation is the fear of being declared dead (apparent death) only in order to have organs extracted. 5, 6 Although these data have been improving, currently in the European population nearly 50% still do not know the concept and it continues to be an independent factor affecting attitude toward deceased organ donation. 5, 7 Within the group of health-care professionals, there is a certain lack of knowledge of the subject. 8 What is more, important differences have been reported not only in health-care centers but also according to the type of service. Therefore, even in transplant and donation-related units, not all the professionals accept the concept of BD. 2, 8 This is not an isolated fact but rather something that is generalized around the world. 2 Job category is one of the most important factors for determining the knowledge of the BD. In this regard, marked differences have been seen in medical personnel where 80% to 85% state that they know the concept, while in the other job categories, the percentage of workers who know it is lower. 2, 8 Among medical students, only 67% of cases understand the concept of BD, while 28% have doubts about its meaning or consider that the BD diagnosis does not mean that a person has died. This finding coincides with the lack of knowledge of this concept reported among Spanish medical workers. 2, 8 In students, it is notable how their knowledge evolves over their university degree. It can be seen that 51% of students in the first year know that this means a person's death, a percentage that is lower than that reported in the public. 5 However, this knowledge improves and students in sixth year know this concept in 89% of cases. In Spain, there is not any standard curriculum for training on BD in any university.
Eight studies have analyzed the knowledge of the BD concept among students. There are studies in Iran, 9, 10 Brazil, 3, 11 United States, 7 Polonia, 12 and Japan, 13, 14 and in all geographical areas, the studies show worse results than described in our series. In general, the authors have demonstrated a low level of knowledge and inadequate understanding of the criteria of BD. Therefore, training in this area is urgently recommended. 12 Given that medical students can consider themselves as an attitude-generating group about health-care matters and in the near future they will become health-care professionals, their training on such important matters such as therapies like organ donation and transplantation should be improved, given that this a therapy that relies on the donation of organ by people. Including information about the concept of BD in the training program of medical schools is important to improve knowledge about this concept and generate a favorable attitude toward organ donation for transplantation.
Finally, the structural differences between different countries in terms of organ donation and transplantation should be clarified. Thus, in Spain, for example, where there is a high level of specialization in the donation process, it is possible that these differences in knowledge about BD do not have a direct impact on donation rates. However, in countries with a lower level of specialization in this task, not understanding this concept could be an important barrier for detecting donors and requesting donation.
As shown in our study, different variables may be correlated with knowledge of concept of BD. However, although statistically significant, some of these variables are associated with an OR that is quite near to 1.0. In this sense, the factor with the greatest impact is the academic year, with an OR greater than 6. In samples very large is not only important the statistical significant (the most are significant) but also the real effect (ORs near 1.0 indicate that the differences are minimal).
Sixty-seven percent of medical students know the concept of BD, although it does improve significantly as they advance in their degree. By reinforcing the positive attitude toward the BD concept among medical students, it may be possible to facilitate the donation and transplantation process in the not-too-distant future.
